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(54) rntercalates and exftiHates formed wrth monomers, oligomers and/or copolymers and 
composite materials containing same 

(57) rjanocomposites are manufactured by combin- 
ing a host material, such as an organic solvent or a 
matrix polymer and exfoliated intercalates formed by 
contacting a phyllosilicate with) an intercalant selected 
from the group consisting of (1) an N-a!kenyl amide 
monomer and an allylic monomer; (2) an oligomer 
formed by copolymerizing an N-allonyi amide monomer 
and an sliylic monomer; (3) a polymer formed by copol- 
ymerizing an N-aikenyl amide monomer and an aliylic 
monomer; and (4) mixtures thereof to adsorb or the . 
intercalant between adjacent phyllosilicate platelets. 
Sufficient polymer is adsorbed between adjacent phyllo- 
silicate platelets to eiqjand the adjacent platelets to 
increase the spacing at least about 1 0 A, preferably at 
least about 20 A (as measured after water removal), up 
to about 100 A and preferably in the range of about 30- 
40 A, so that the intercalate easily can be exfoiiaied. 
e.g., '^en mixed with an organic solvent or a polymer 
mell, to provide a carrier material for drugs and the like, 
or to proi/ide a matrix polymer/platelet composrte (nano- 
composiie} material ■ the platelets being exfoliated from 
the intercalate. 
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Description 

FIELD OFTH '='MVEN'"QN 

[00011 The present invention is directed to interca- 
la'.ed layered materials, and exfoliates thereof, manufac- 
tured by sorption (adsorption and/or absorptiori) of one 
or more oligorTiers or polyrners between planar laye^ o 
a sweiiable layered material, such as a phyllos.hcate or 
other layered material, to expar^ilhe interlayer spamg 
of adjacent layers at leasi about 10 Angstroms More 
particularly, the present invention is directed to .nterca- 
lates having at least two layers of monomef, oligomer 
and/or polyr^ier molecules sorbed on the mternal sur- 
faces of adjacent layers of the planar platelets of a lay- 
ered material, such as a phyllosilicate, P^^feratjly a 
smectite day. to a^and the interlayer =P^=^";9 f 
about 10 Angstroms, more preferably at least about 20 
Angstroms, and most preferably to at least about 30-45 
Angstroms, up to about 100 A, or<ilsappeBr^c^oJp^- 
odicity. The resulting intercalates are netther enti ely 
organcphilic nor entirely hydrophilic. ^Lrt a combination 
of'the ^.0, and ea^ly can be exfoliated or dunng 
admixture with a thermoplastic cr thermosett.ng majK 
polymer melt, preferably a thermoplastic matrix poly- 
me to improve one or more properties of the matrix 
polymer. The resulting matrix polymer/platelet corripos- 
ite materi^s are useful wherever polyme*r compos- 
ite materials are used, for example, as externa^ ^ody 
parts for the automotive industry; heat-resistant pdy- 
Lric automotive parts in contact with an ,^"9'"^ b|od< 
tire cord for radial tires; food wrap having '^^P^^^* 
impermeability; electrical components; food grade d nk 
containers; and any other use where it ,s desired t aster 
one or more physical properties of a matr.x polymer, 

such as elasticity and ^^^P^^^^^l^',".^,^'^ 

glass transition temperature and h.gh temperature 

resistance. 
ART 

mO02] It Is well known that phyllosilicates, such as 
smectite clays, e.g.. sodium montmorillonite and cal- 
cium mcntmorilionite. can be treated w.th organic mole- 
cules, such as organic ammonium ions, to mtercala e 
the organic molecules between adjacent, P^^^^^^^ 
layers thereby substantially increasing the interlayer 
(Lrlamlnar) spacing between the adiacen Silicate lay- 
ers The thus-treated, intercalated phyllosilicates then 
can be exfoliated, e.g., the silicate layers are separat^ 
e g mechanically, by high shear mixing. The individual 
siLe layers, when admixed with P;^^.^.;- 
before, after or during the Po'y"^«"^^*'°"f^f;,,"^^^r' 
polymer, e.g.. a polyamide - see 4,739,007; 4^810.734, 
and 5 385 775 have been found to substantially 

improve one or more properties of the P^^'^^^l^f^^^ 
mechanical strength and/or high temperaturecharacler- 
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[0003] Exemplary of such prior art composites, also 
called "nanocomposites". are disclosed in published 
PCT disclosure of Allied Signal. Inc. WO 93/04118 and 
U S Patent No. 5.385.776. disclosing the admixture o1 
individual platelet particles derived from intercalated 
layered silicate materials, with a polymer to form a poly- 
mer matrix having one or more properties of the matrix 
polymer improved by the addition of the exfoliated inter- 
calate As disclosed in WO 93/041 18. the intercalate .s 
formed (the interlayer spacing between adjacent silicate 
platelets is increased] by adsorption of a silane coupling 
agent or an onium cation, such as a quaternary ammo- 
nium compound, having a reactive group which is com- 
patible wrth the matrix polymer. Such quaternary 
ammonium cations are well known to convert a highly 
hydrophilic day. such as sodium or calcium montmo- 
rillonite, into an organophilic clay capable of sortDing 
organic molecules. A publication that discloses direc^ 
intercalation (without solvent) of polystyrene and 
polyethylene oxide) in organically modified silicates is 
Synthesis ana Properties of JwDimensional Nanos- 
tructures by Direct Iniercalstion of Polymer Melts in Lay- 
ered Silicates. Richard A. Vaia. ef a/., Cherr. Mater., 
5-1694-1696(1993). Also as disclosed- in Adv. 
Maf^riats. 7. NO. 2: (1985), pages 154-156. New Poly 
mer clectroiyte Nanocomposites: Melt Intercalation of 
PolyfEthylene Oxide) in Mica-Type SiJicaies. Richard A. 
Vaia ef al poly(ethyl9ns oxide) can be intercalated 
directly into Na-montmorilionite and U-montmonllonite 
by heating to SO"C for 2-6 hours to achieve a d-spacing 
□f 1 7 7 A T?ie intercalalian is accompanied by displac- 
ing water molecules, disposed between the clay plate- 
lets with poiymer molecules. Apparently, however, the 
intercalated material could not be exfoliated arxi was 
tested in pellet form. It was quite surprising to one of the 
authors of these articles that exfoliated rnatenal could 
be manufactured in accordance vwth the present inven- 
tion. . 
[0004] Previous attempts have been made .o interca- 
late polyvinylpyrrolidone (PVP) , polyvinyl alcoho! (PVA) 
and poly(ethylene oxi'de) (PEG) between montmonllon- 
ite clay platelets with little success. As described in 
Levy, et al Interlayer Adsorption of Polyvinylpyrrolidone 
on Montm'oriHonite. Journal of Colloid and Interfece Sci- 
en-e Vol 50. No. 3, March 1975. pages 442-450. 
attempts were made to sort: PVP (40,000 average 
M W) between monolonic montmorillonite clay platelets 
fNa K Ca and Mg) by successive washes with absolute 
ethanoi. and then attempting to sorb the PVP by contact 
with 1% PVP/ethano!/water solutions, with varying 
amounts of water, via replacing the ethanoi solvent mol- 
ecules that were sorbed, in washing (to expand the 
platelets to about 17.7 A). Only the sodium montmonllo- 
nite had expanded beyond a 20 A basal spacing {e.g., 
26 A and 32 A), at 5*% H2O. after contact with the 
pVP/ethanoi/HjO solution. It was concluded that the 
ethanoi was needed to initially increase the basal spac- 
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ing for later sorption of PVP, and that water did not 
directly affect the sorption of PVP between the clay 
platelets (Table II. page 445), except for scd.urn 
montmorillonite. The sorption was time consuming and 
difficult and met with little success. s 
[0005] Further, as described in Greenland. Adsorptjon 
ol Polyvinyl Alcohols by Montmorillonite, Journal oi Col- 
loid Sciences, Vol. 18, pages 647-664 (1963). polyvinyl 
Bicohols containing 12% residual acetyl groups cou d 
increase the basal spacing by aniy about 1 0 A due to w 
the sorted polyvinyl alcohol (PVOH). As the concentra- 
tion or polymer in the intercalanl poiymer-containing 
solution was increased from 0.25% to 4%, the amount 
of poiymer sorbed was substantially reduced. ind.cating 
that sorption might only be effective at polymer concen- is 
trations in the intercalant polymer-containing composi- 
tion on the order of 1%by weight polymer, or less. Such 
a dilute process for intercalation of poiymer into layered 
materials would be exceptionally costly in dryirig the 
intercalated layered materials for separation of mterca- 2C 
late from the polymer carrier, e.g.. water. Iherefore^ 
apparency no further work was accomplished toward 
commercialization. 

[ODOG] In accordance with one important feature of the 
present invention, best results are achl^ed using a 25 
monomer, an oligomer (herein defined as a pre-polymer 
having 2 to about IS recurring monomenc unrts which 
can be the same or different) orpolymer (herein defined 
as hauing more than about 15 recurring monomenc 
units, which can be the same or different) composibon 30 
for intercalation having at least about 2%, pre:erably at 
least about 5% by weight intercalant monomer, interca- 
lant oligomer or intercalant poiymer concentration, more 
preferably about 50% to about 80% by weight monomer, 
oligomer and/or poiymer, based on the weight of mono- 
mer Dhgomer and/or polymer and earner (e.g.. water 
and/or an organic solvent for the intercalant monomer, 
intercalant oligomer or intercalant polymer) to achieve 
better sorption of the intercalant monomers, o^gorners 
or polymers between phyiiosilicate platelets and so that 40 
less drying is required after intercalaton The monornar 
oligomer or polymer sorted between silicate platens 
Ih^ causes separation or added spaang between ad)a- 
cent silicate platelets and, for simplicity of d^scnpfon 
Ihe monomers, oligomers and polymers are heremafter 45 
called the "intercalant; or Intercalant monomer or 
■intercalant polymer". In th:s manner, water-soluble or 
water-insoluble oligomers cr polymers will be so-bed 
sufficientlylo increase the interlayer spacing of the phyl- 
'cliillcate in the range of about 10 A to about 100 A, for 
easier and more complete exfoliation, in a commercia y 
viablepmcess, regardless of the particular phyiiosilicate 

or intercalant polymer 

F0007] In accordance with an important feature of the 
present invention, best results are achieved using a 55 
water-SDluble or water-insoluole monomer, or ohgomer 
(herein defined as a pre-polymer having 2 to about 15 
ecurring monomeric units, which can be the same or 


different) or polymer (herein defined as having more 
than about 15 recurring monomeric units, which can be 
the same or different) composition for intercalation hav- 
ing at least about 2%, preferably at least about 5% by 
weight, more preferably at least about 10% by weight 
intercalant monomer, intercalant oligomer or intercalant 
polymer concentralion, most preferably about 30% to 
about 80% by weight monomer and/or oligomer and/or 
polymer, based on the weight of intercalant monomer, 
oligomer and/or polymer and carrier (e.g.. water with or 
without an organic solvent for the intercalant monomer, 
oligomer or intercalant polymer) to achieve better sorp- 
tion of the intercalant polymers between phyiiosilicate 
platelets. Regardless of the concentration of intercalant 
monomer and/or polymer in liquid solvent of the interca- 
lating composition, the intercalating composition should 
have an intercalantJayered material ratio of at least 
1:20, preferably at least 1:10. more preferably at least 
1:5, and most preferably about 1:4 to achieve efficient 
intercalation of the monomer or polymer between adja- 
cent platelets of the layered maieriai. The intercalant 
monomer, oligomer or polymer sorbed between and 
permanently bonded to the silicate platelets causes 
separation or added spacing between adjacent silicate 
platelets and, for simplicity of description, the intercalant 
monomers, oligomers and polymers are hereinafter 
called the "intercalant" or "intercalant monomer", or 
"intercalant polymer", in this manner, the oligomers or 
polymers will be sorbed sufficiently to increase the inter- 
layer spacing of the phyiiosilicate in the range of about 
10 A to about 100 Afor easier and more complete exfo- 
liation, in a commercially viable process, regardless of 
the palicular phyiiosilicate or intercalant polymer. 
[0003] A phyiiosilicate. such as a smectite clay, can be 
intercalated sufficiently for subsequent exfoliation by 
sorption of monomers, oligomers or polymers frtat have 
carbonyl, hydroxyl, carbcxyl, amine, amide, ether, ester, 
sulfate, sulfonate, sutfinate, sutfamate. phosphate, 
phosphonate. phosphinate functionalities, or aromatic 
rings to provide metal cation chelate-type bonding 
between two functional groups of one or two intercalant 
polymer molecules and the metal cations bonded to the 
inner surfaces of the phyiiosilicate platelets. Sorption 
and metal cation electrostatic attraction or bonding of a 
platelet metal cation between two oxygen or nitrogen 
atoms of the intercalant molecules; or the electrostatic 
bonding between the interlayer cations in hexagonal or 
pseudohexagonal rings of the smectite layers and an 
intercalant monomer, oligomer or polymer aromatic ring 
structure increases the interlayer spacing between 
adjacent silicate platelets or other layered material at 
least about 10 A, preferably at least about 20 A. and 
most preferably in the rengs of about 50 A to about 45 
A. Such intercalated pnyllosilicates easily can be exfoli- 
ated into individual phyiiosilicate platelets. 
[0009] Depending upon the conditions that the com- 
position is subjected to during intercalation and exfolia- 
tion, particularly temperature: pH; and amount of water 
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contained in the intercalating composition, the interca- 
late and/or exfoliate/carrier connposition can be formea 
to any desired viscosity, e.g.. at least about 100 
centipoisas, preferably at least about 500- 00 
centipoises. whether or not gelled, and particularly to s 
extremely high viscosities of about 5,000 to about 
5 000 OOO centipoises. The compositions are thixotropic 
50 that shearing will lower viscosity for easier delivery, 
and then by reducing shear or eliminating shear, the 
compositions wiil Increase in viscosity. The inlercalani 
monomer, oligomer or polymer intercalates between the 
spaces of adjacent platelets of the layered ma enal for 
easy exfoliation, and complexes with the metal cations 
on the platelet surfaces where ttie intercalant remains 
after the intercalate, or exfoliate thereof, is corribined ,5 
with the carrier/solverrt or added to a polymer melt. It is 
theorized that the intercalant coating on the surfaces of 
tne day platelets is ionically complexed with interlayer 
cations and oarticipates (aids) in the viscosrfication and 
thixQtropy of the carrier/solvent composition and adds 20 
signrficant strength, vapor impermeability and tempera- 
ture characteristics to a matrix polymer. However, ofte 
forms of bonding such as hydrogen bonding or Van Der 
Waals forces or molecular complexing also rriay be 
responsible for the adherence of the intercalant to the ss 
surlaces of the layered material, either entirely, or in 
part 


so 


nPFlNITIONS 

[0O1 0] Whenever used in this Specification, the terms 
setforth shall have the following meanings: 
fOOII] -Layered Material- shall mean an inorganic 
material, such as a smectite clay mineral, that is in the 
torm of a plurality of adjacent, bound 'aysrs and has a 
thickness, for each layer, of about 3 A to about 50 A. 
preierably about 10 A, 

[001 2] "Platelets" shall mean individual layers of the 
Layered Material. 

[00131 ■■intercalate" or "Intercalated" shall mean a Uy- « 
ered Material that includes oligomer arxl/or polymer 
molecules disposed between adjacent platelets of the 
Layered (.Material to increase the interlayer spacing 
between the adjacent platelets to at least about 1 0 A, ^ 
preferably at least about 20 A. . 
fo0141 "Intercalation" shall mean a process tor forming 
an Intercalate. . 
r0CX151 "Intercalant Monomer" shall mean a mixture of 
an N-alkenyl amide, such as N-viryl lactam and an 
allylic monomer capable of copolymenz.ng before or 60 
after Intercalation between adjacent platelets of a Lay 

romer'-irtercalant Polymer" or "Intercalant Oilgomer" 
or -intercalant" shall mean an oligomer or Polymer 
polymerized from the Intercalant Monomer mixture that ss 
is sorbed between Platelets of the Layered Maienal and 
complexes with the platelet surfaces to form an Interca- 
late. 


[0017] "Intercalating Can-ier" shall mean a earner 
comprising water with or without an organic solvent 
used together with an Intercalant Monomer. Intercalant 
Oligomer or an Intercalant Polymer to form an Interca- 
lating Composition capable of achieving Intercalation of 
the Layered N^aterial. 

[0018] "Intercalating Composition" shall mean a com- 
position comprising an Intercalant Monomer, and/or an 
Intercalant Oligomer and/or an intercalant Polymer, an 
Intercalating Carrier for the Intercalant Monomer or 
Intercalant Polymer, and a Layered Material. 
[0019] "Exfoliate" or 'Exfoliated" shall mean individual 
platelets of an Intercalated Uyered Material so that 
adjacent platelets of the Intercalated Layered Material 
can be dispersed individually throughout a matrix poly- 
mer, or throughout a carrier material, such as water, an 
alcohol or glycol, or any other organic solvent. 
[O02O] "Exfoliation" shall mean a process for forming 
an Exfoliate from an Intercalate. 
[0021] "Nanocomposite" shall mean an oligomer, pol- 
ymer or copolymer having dispersed therein a plurality 
□f individual platelets obtained from an Exfoliated, Inter- 
calated Layered Material. 

[0022] "Matrix Polymer" shall mean a thermoplastic or 
thermosetting polymer in which the intercalate and/or' 
Exfoliate is dispersed to form a Nanocomposite. 

IMMAHY OP THE INVENTION 

[0023] In brief, the present invention is directed to 
intercalates formed by contacting a layered phyllosili- 
cate with an intercalant monomer, an intercalant oli- 
gomer and/or an intercalant polymer to sorb or 
intercalate in the intercalant monomer and/or polymer 
or mixtures of intercalant monomers and intercalant pol- 
ymers between adjacent phyllosilicate platelets. Suffi- 
cient intercalant monomer, oligomer and/or polymer is 
sorbed between adiacent phyllosilicate platelets to 
expand the spacing between adjacent platelets (inter- 
layer spacing) a distance of at least about 10 A. prefer- 
ably to at least about 20 A (as measured after water 
removal) and more preferably in the range of alXJut 30- 
45 A, so that the intercalate easily can be exfoliated, 
sometimes naturally, without shearing baing necessary. 
At times, the intercalate requires shearing that easily 
can be accomplished. e.g.. when mixing the intercalate 
with a polymer melt, to provide a matrix polymer/platelet 
composite material or nanocomposite - the platelets 
being obtained by exfoliation of the intercalated phyllo- 
silicate. 

[0024] The intercalant morKDmer, oligomer and/cr pol- 
ymer has an affinity for the phyiiosilicale so that it is 
sorbed between, and is maintained associated with the 
silicate platelets in the interlayer spaces, and after exfo- 
liation. !t is hereby theorized that monomer and polymer 
binding to the platelet surfaces is by metal cation elec- 
trostatic bonding or complexing, e.g.. chelation, of the 
metal cations of the phyllosilicate sharing electrons with 
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wo catanyl. two ca*<=^l. « "ydroxyl, andtor wo 
riTtunc-onaWes of one irteroalart P°l»™ 
u7 or 0. t»o adiaosn. intercalant polymer m*cu 
, .'.riace ol the phyllosilicate platelets. Such 

LTclt ha?e ^«en,'aLi.y tor ,ha phy.o=il,ca.e 
11 P'oyide suHiden. interlayer spaang for 

A and to maintain atlachmeni to be J™ 
l.eiete vvrthout the need tor coupling agents or spac 
i ragtnts. such as the onium ion or silane couplrng 

disclosed in the above-irrentionad prior art 
ro02Sl Sorption of the intercalant should be sufficert 
roLe"^aneio„ofadiacen,p.te,e.^^ 

least about 10 A. preferably ^^f ^^^.^ f ^ 

ratio 01 intercalant monomer, oligomer ^nd □ PO yme 
to ayered materia), preferably a water-swellable smec 
tSJ da as sodium bentonite, in the mteroalafng 

r S,ton^.ontac.ng the Ph,W°f^^^^^-' , ^ * 
r k~rfi-9n nrpferaWv at east about i.iu. 
r P^r^ a B^rTbor. 1:5, a^ n,oa. preferably - 

Lvent} in thBintercalating compos, or, satle^^^ 

15% bv weight, more pfsferabiy at leasiauu intercalant coaiea tcuniniuuL.s..j Tr"" ',' 

wataht nTerilant. for example about 20%-30% o^out .nterca ^ .^^ ^^^^^^^^^ ^ , 

b^l^^ir^Sng^^--- 
raSf lt"hae been feur^ m the intercalates of the 

mLontaining composition ^"^-"^ '^^^^^^^^^^ 

hv weiaht intercalant, e.g., 10% to about i^^""^ 

calant is in the range of about 16 /" '" '^j; , 
35% bv weight, based on the weight of me dry ay™ 
matdal, the infercala^ is sorbed ^ f„ 

i„g conposifion 0, about 35% to less fhan about 55% 
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intercalant, based on the dry we.ght of the layered 
material contat^ted. the interlayer spacing ,s increased 
to about 20 A to abo.t 25 A. corresponding to three lay- 
ers of interc^ant sorbed between adjacent ptatelete o 
the layered material. At an intercalant loading of abou^ 
55% 10 about 80% intercalant, based on the dry weight 
of the layered material dissolved or dispersed in the 
intercalating composition, the interlayer spec:ng wH^ be 
"creased to about 30 % to about 35 A^correspor.dmg 
D 4 and 5 layers of intercalant sorbed (intercalated) 
between adjacent platelets of the layered matenal. 
[00271 Such interlayer spacings have never been 
achieved by direct intercalation of a monomer, an oli- 
qomer or polymer molecule, without prior loterlayer 
sorption of a swelling agent, such as an onium or silane 
coupling agent, and provides easier and more comp e^e 
Sfoliation for orduring incorporation of the platelets irito 
a thermoplastic or thermosetting matrix polymer. Such 
intercalates are especially useful in admixture wrth 
matrix thermoplastic or thermosetting polymers -n the 
manufacture of polymeric artcles rrom the poly- 
mer/platelet composite materials: and for ^dmix^ure o 
Te intercalates and exfoliated intercalates .^h pdar 
solvents in modifying rheology, e.g.. of cosmetics, Or- 
well drilling fluids, paints, lubricants, especially food 
grade lubricants in the manufacture of oil and grease. 

m£] "once exfoliated, the platelets of the intercalate 
are predominantly completely separated into indivdual 
nlalelets having intercalant molecules complexed w,Ji 
piSeletsu^ces. and the originally adjacer^ plate- 
Tel no longer are retained in a parallel, spaced disposi- 
tion but al free to move as predominantiy individua! 
intercalant mated (continuously or discontinuously) 
p atelets throughout e carrier or throughout a matnx pol- 
ler melt to act similar to a n-oscaiefiner materia^ or 
L matrix polymer. The predominantly individual phyllo- 
s^licate platelets, having their platelet surfaces com- 
plSd with intercalant. e.g., polymer molecules, are 
randomly homogeneously and uniformly dispersed 
mroughout a carrier, such as water or an organic liquid, 
or throughout a po^-^r melt. Once ^ ^^^^^J^^ 
me /platelet composite material is ^et and ha^ened 
L a desired shape, the predominantly md^dual phyl- 
losiiicate platelets are permanently fixed in posrtion and 
are randomly, homogeneously and uniformly dispersed, 
predominantly as individual platelets, tfiroughoiit the 
matrix polymer/platelet composite material. 
mo29] AS recognized, the thickness of the exfo hated, 
individual platelets (about 10 A} is relatively small con^- 
pa red to the s.ze of the flat platelet faces. TTie platelets 
Ite an aspect ratio in the range of about 200 to about 
2 000 Dispersing such finely divide platelet particles 
into a polymer mdt provides a very large area of contact 
between polymer and f^ateiet particles, for a gjven vol- 
ume of particles in the composite, and a high d^ree o 
platelet homogeneity in the composite material. Platele 
particles of high strength and modulus, dispersed at 
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rainforcement and a higher glass transition ^^^P^^^^^ 
(Tq) to the polymer matrix than do comparable loadings 
of conventional reinforcing fillers oi micron size, arxi can 
impart lower permeability to matrix polymers than do 
comparable loadings of conventional fillers. 
[0030] While the nanocompcsHes disclosed in wu 
93/041 18 require a swelling/compatibilizing agent, such 
as a silane coupling agent, or a quaternary amm^niurn 
molecule that has distinct bonding interactions with 
bo°h the polymer and the platdet particle to achieve 
r^provi properties in the polymer, the interca^r^s 
Zi to form the intercalates and exfoliates .n accoro_ 
ance with the present invention need not have anyjbirt 
«^1nclude) reactivity with the matrix polymer .n wh.h 
the inventive intercalates and exfoliates are dispersed^ 
while improving one or nr«re properties of the matr« 
polymer. 

L^LTJiUnnnr niPTI^" TUP PREFEnRED. 
EMgODlMENTS 

ro031l To form the intercalated materials of the 
Uentinvenfcn. the phyllosilicete should be ^e 1^ or 
intercalated by sorption of a mixture of an N-alken)1 
Lmlde intercala^ monomer and -^^'ni.'. 
monomer for oopolymerization in-situ (w^He -nterca 
lated between adjacent silicate platelets aftenntercala- 
S oM^t^rcalaU by cc-sorption of a co-ohgo^J or 
opolymer formed by polymerization of a ^f^^^f j 
N-alkenyl amide intercaiant f,^^ 
intercalant monomer. In accordance a prefared 
embodiment of the present invention, the P^^^of^^^ 
Should include at least 4% by weight f J^^^^ 
5000% water, based on the dry weight of the phyllosili 
cate prSly about 7% to about 100% water, more 
prSera Jy about 25% to about 50% by weight water 
p br to 0 during contact with the intercalant to achiev 
sufficient intercalation for exfoliation. Preferably, the 
pWbsLteshoukiincludeat!eastabout4%byweigm 

water before contact with the Intercalating earner far 
efficient intercalation. The amount of intercalant m con- 
ta^wSh th phyllosilicate from the intercala^ng <jmpo- 
'Jor for effLnl exfoliation, should provde an' 
ircalant/phyllosilicate weight ratio {b^ed on the dry 
weight of the phyllosilicate) of at least about 1^20 pref 
erably at least about 3.2:20, and more preferably about 
4-U 20 o provide efficient sorption and cornplejang 
intercalation) of the intercalant between the platelets o^ 
he layered material, e.g., phyllosilicate. (prefer^ly 
about 16% to about 70% by weight intercalan based 
on the dry weight of the layered silicate material). 
0032] ^he intercalants are introduced in the form of a 
olid or licuid compositiori (neat or aqueous solution or 
dtersion, and/or w,th an organic solvent .g hydroa - 
coholic) having an intercalant concentration of at east 
abo j 2% prierably at least about 5% by weight mter- 
St more preferably at least about 50% to about 
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100% by weight intercalant in the intercalant/carrier 
composition contacting the layered material for interca- 
lant sorption. The intercalant can be water-soluble, 
water-insoluble or partially water-soluble and can be 
added as a liquid or solid with the addition to the layered 
material^ntercalant blend of at least about 20% water, 
e g about 20% to about 80% water, preferably at least 
about 30% water to about 5000% water and/or other 
solvent for the intercalant, based on the dry weight of 
layered material plus intercalant, preferably about 30% 
to about 50% water or other solvent, so that less water 
or solvent is sorbed by the intercalate, thereby necessi- 
tating less drying energy after intercalation. "Rie interca- 
iant may be introdiced into the spaces between every 
layer, nearly every layer, or at least a predominance of 
the layers of the layered material such that the subse- 
quently exfoliated platelet particles are preferably, pre- 
dominantly less than about 5 layers in thickness; more 
preferably, predominantly about 1 or 2 layers in thick- 
ness; and most preferably, predominantly single plate- 
lets. 

[00331 Any sweliable layered material that sufficiently 
sorbs the intercalant to increase the inierlayer spacing 
between adjacent phyllosilicate platelets _to at least 
about 10 A. preferably at least about ,20 A (when the 
phyl'osiiicate is measured dry - having a maximum of 
about 5% by weight water) may be used in the practice 
of this invention. Useful sweliable layered materials 
include phyliosiiicates, such as smectite clay minerals, 
e g montmorillonite. particularly sodium morTtmoril Ion- 
its- ' magnesium montmorillor,ite arxi/or calcium 
montmorillonite; nontronite; beidellite; volkonstoite; 
hectorite; saponite; sauconite: sobocldte: stevensite; 
svinfordite: vermiculite; and the lika Other useful lay- 
ered materials include micaceous minerals, such as 
illite and mixed layered iilite/smectite minerals, such as 
ledikite and admixtures of illites with the clay minerals 
named above. 

[0034] Other layered materials having little or no 
charge on the layers may be useful in this invention pro- 
vided they can be intercalated with the intercaiant poly- 
mers to expand their interlayer spacing at least about 10 
A preferably at least about 20 A. Preferred swellabie 
layered materials are phyliosiiicates of the 2:1 type hav- 
ing a negative charge on the layers ranging from about 
0 15 to about 0.9 charges per formula unit and a com- 
mensurate number oi exchangeable metal cations in 
the interlayer spaces. Most preferred layered materials 
are smectite clay minerals such as montmorillonite, 
nontronite, beidellite. voikonskoite. hectorite, saponite, 
sauconite, sobockite. stevensite. and svinfordite. 
[0035] As used herein the "interlayer spacing" refers 
to the distance between the internal faces of the adja- 
cent dry silicate layers as they are assembled in the lay- 
ered .naterial before any delamination (exfoliation) 
takes place. Tha interlayer spacing is measured when 
the layered material Is "air dry", e.g., contains about 3- 
10% by weight water, preferably about 3-6% by weight 
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„a,e,, bassd on .he dry weigh. ^ layered 

cations such as Na"^. Ca , ^ . wiy . 
including mixtures theraof. 

calatKl layered substantially 
nated into individual generally 

Isasl aboLrt 8 grams of 'ntercalar^iou g 
material (dry basis). ^1^'!^ ^^'^^^^^ to 
grams of intercalant/100 sran^ '^^^^^^^ layered 
^.out 80-90 grams ^nt-c.'^^^^^^ .^^u^ts ar/lrom 
material [dry bas.s). ^^ ^^^^'l^^^ ,f igy^red mate- 

^thin) the " ;X of lnterc^a«ng. 

oneoftwoways.1naprBferrea rn by extru- 

the layered material Is '"^'^^^^^'yjJ^'f.ier^alantA.ater 
sion, with a concentrated ^^^^^^'^^^''^l ^^ano! 

solution. To achieve the bes '"f ^J'^^'^^j^, least 

imercalant in the carrier: or the dj -rte^c ^^^^^ 

tively dry phyliosillcate (P^f ^^^^'^f f,^^",'^' ^nd the 

.bout 4% by .^r^'nd Molheph^lo- 

irrtercalating earner added to ^^g, 
silicate prior to adding the ^^^^^^ '^J^ J^piax- 

weight of the pnyllcsilicate. . .,---,,-,catB in slurry 

25 pounds intercalani) the ^^°f' by 
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lant either dry or in solution. Sorption of the intercalant 
To ac tes .ay be peHormed by expo.ng tfje layered 
material to dry or liquid intercalant compositions ccn 
,a^rL leasl about 2% by v^eight, preferably at eas 
Z^sl by weight intercalant, more prefera^y at least 

S 50% nte-calBHt, based on the dry we.ght of the 
LTel matenai. Sorot.on may be aided by exposure of 
intercalating composition to heat, pressure, ultra- 
sonic cavitation, or microwaves. 
10040] In accordance with another method of interca- 

Z he intercalant molecules between the pie e ets of 
Serad materiel and exfoliating the intercalate, the 
LeSarial containing at lea^ about 4% by we.gW 
Sterpreferably about 10% to about 15% by weight 
: blend^ with a solubi.iz«. ^^^r'^^^.r J 

: Lr ar^or organic solvent carrier) .n a -t.o suff^ ent 
to provide at least about 8% by weight. Preierably 

eas^^ut 10% by weight intercalant, based on the dn, 
the layered material. The blend then prefera- 
S ?s td^^rtalter intercalation. Fu.h., blend 

can be heated to at least the melt temperature of the 
4lant. and preferaWy at least about 40-50=C above 
e i^ercalant melt temperature for fastenr.tei^aton _ 

0041] in Bccordancewilh one in^P<^^"^,^"^'"^^"^ 
the preser^ inven^on, the polymerizabl^>ntercalan^ 

IZ^L and,'ar oligomers can be _ intercalated 

breen the platelets of the layered matenai or simply 
with the exfoliated layered matenai. ar^ *e 

^o^^Sizable monomer(s) and/or oligomer s) are 

poLehred while intercalated between platelets, or 

Se in contact Wrth the intercalate-or exfoliated interca- 

loM2] TO achieve the full advantage of the present 
nven on the polymerizable monomer(s), and copol^ 
mers polymerized therefrom, include recurring unrts 
W El amide and one or more allylic monomers 
lecti r mThe group consis.ng of allylic alcoho s, 
atl efers all^ ethers, and altocylated allylic alcohols, 
op onl y, one or more addition^ ethylenic morjomers 
L be included. The monomers copolymenze (befo e 
71. intercalation) to pro^^da resins that are aasi^. 
pr^uced without the nsed for reaction solvents to con- 
^ofthe rate oi polymerization and without the need for 
chain-transfer agents 10 limit molecular weight 
0M31 The resin intercaleots offer valuat^e advan- 
ces for silicate filled thermoset coatings, sealenK. 
e aSmers, adhesives. and foams, as well as for 00m- 
S e matehals containing the interc^ates and exfoH- 
having the redns complexed to the silicate p^elet 
Ses in composites, the resins offer good perform- 
anS in a less-ipens^B alternative to commercally 
Sable intercalar^s made by intercla.on of more 
pensive water-soluble pclyr.ers, such as poly{N- 
Sp^rolidone). in coatings and other ^^J-^^^^^PP^' 
«tbns the intercalates, exfoliates thereof and compos- 
re mLrials manufectured by 'n.ercalatng ay^red 
materials with these copolymer resins offer o^ resist 
anct Chanced hydrcphilicity. and a reduced depend- 
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ence on salt conterrt lor water solubility. 

rotmi N-alkenyl amides useful in the .nvent,on are 

coZunds that have a substituted or unsubstrtu^ed 

sents a "IS" ^ p ^ p niay form a ring to 

^^^^^^^ 

example. N-vinyiiannamide. N-v-nyl-N-metM^^ 
^rlb^Pa^^^ 

the teachings of which are incorporated herein by refer 

rOM51 Preferred N-alkenyl amides inciude f^l-^^^yt- 
which .re cyclic amides that have a .nnyl group 
CH TcH-) attached to the r^itrogen atom of the am de 

"tons Suitable N-vinyl-lactams include, for exarnp e n 

meS. N-vinylpy.olidone and N-vinylcaprolactam are 

S of heirrvention can incorporate recurring u^^^^^^ 
an ac°ylate-functionalized pyrrolidnne. Suitable aa- 
vlatiSorialized pyrrolidones include ester reaciion 
nZ^Taf N-2-hydroxyalkylpyrroiidanes and acrylic or 

or^re al^ic monomers. Suitable ally c monomers 

1h C cfrky suitable allylic alcohols include. 
=^3 noU« *a allyl alcuhul. .s«.all^ alcoW 2- 
etl-2 Pr°pen-1-<=l. and the like, and mirfures tharecf. 

; r -s turaS oru„sa.u.te. linear, .ranged, « 
cvcli" C,-03, alkyl. aryl. or aralkyl group, and R is 

™>::'s .ne;ei ParLulaX preferred are al,y, esters 
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derived from allyl alcohol and methallyl alcohol. Most 
preferred are C.-Cs alky' esters of allyl alcohol and 
methallyl alcohol. 

fOMgi Preferred allyl ethers have the general struc- 
ure- CHp-CR'-CHa-O-R in which R is a saturated Irnear. 
branched, or cyclic GyC.o aN. aryl. or aralkyl grouo. 
and R- is selected fromthe group consisting of hydrogen 
and C,-C, alkyl. Suitable allyl ethers include, for exam- 
ple allyl methyl ether, allyl ethyl ether, allyl tert-butyl 
ether, allyl methylbenzyl ether, and the like, and mix- 
tures thereof. 

(00501 The copo:yrrer resin inlercalanls of the present 
invention can incorporate recurring units of an alkoxy- 
iated allylic alcohol. Preferred alkoxylated altylic alco- 
hols have the general structure CH2=CH'- 
CH -^A) —OH in which A is an oxyalkylene group, R 
is selected from the group consisting of hydrogen and 
C.-Cq alkyl and n, which is the average number of oxy- 
alkylene groups in the alkojtylated ailylic alcohol, has a 
value from 1 to 50. Preferred oxyalkylene groups are 
o>velhylene, oxypropylene, oxybutyienes. and mixtures 
thereof Most preferred are propoxylated allyiic alcohols 
having an average of 1 to 10 oxypropylene groi^DS. 
ro05ll Suitable alkoxylated allylic alcohols can be pre- 
oared by reacting an allylic alcohol with up to about SO 
eauivalents of one or more alkylene oxides in the pres- 
ence of a basic catalyst as described, for example, in 
US Patent Nos. 3,268.561 and 4,618.703, the teach- 
ings of which are incorporated herein by reference. As 
wiN be apparent to those skilled in the art, suitatJe 
alkoxylated allylic alcohols can also be made by acid 
catalysis, as described, for example, in J. Am. Chem. 
Soc.,71.(l&49) 1152. 

[00521 The relative amounts of r^J-alkenyl amide and 
ailylic monomer used to make copolymer resin interca- 
lants of the invention depends on many factors, includ- 
ing the desired degree of hydrophilicity, the desired 
hvdroxyl content, the nature of the monomers used 
suitability for the particular end-use application, and 
other factors. Preferably, the copolymer resin compnses 
from about 5 to about 95 weight percent of N-alkenyl 
amide recurring units, and from about 5 to about 95 
weight percent of allylic monomer recurnng units. More 
nreferably, the resin comprises from about 25 to about 
75 weight percent of N-alkenyl amide recurnng units, 
and from about 25 to about 75 weight percent of allyiic 
monomer recurring units. Most preferred resms com- 
nrise from about 30 to about 60 weight percent of N- 
aikenyl amide recurring units, and from about 40 lo 
about 70 weight percent of allylic monomer recurring 

units. . , , ,^ 

[0053] Optionally, the copolymer resin intercalants 
incorporate recurring units derived from one or more 
ethylenic monomers. The ethylenic monomer is often 
included to control resin solubility, enhanced physical 
properties, or reduce cost. Preferably, the ethylenic 
monomer is used in an amount within the range of about 
0 1 to about 50 weight percent, based on the total 
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weight of monomers copolymer.zed to form '.he copDly- 
" er A more preferred range is from about 1 to about 25 
we gm percent. Preferr^l ethylenic r^onomers .ncluda 
or example vinyl aromatic monomers, acrylates and 
i^Xrvkas unsaturated nitriles, v\ny\ esters, vinyl 
halides, .inylldene halides, unsaturated 
Xn^es unsaturated dicart:oxylic acds acryhc and 
^Xrylic acids, acrylar^ide ard methacrylamde^ 
"uoro^M ecrylates methacryla:es. con.ugated 
dienas. and the like, and mixtures thereof. 
r0054] TTie copclymer resin intercalants o the inven- 
Saterably have number average mo.ecu^r we^m 
within the range of about 500 to about 100 00^ A more 

the hydroxyl number is from about 25 to abou^ ^50 
(ShI most prefen-ed is the range from about 50 to 
^nur200 mg KOH/g. The need for hydroxyl groups 
Snfndfon the irtended end-use application. In coat- 

Si ■ The average hydroxyl functionaiity of the copol- 
^°r'e.Scalants%ene.i,yran^ 
20 Preferably, the fiydroxyl functionalrty i. wrthin the 
ffnnp trS^DUt 2 to about 20; most preferred is the 
L^^out a to about 10. AS not«. abo- h^ 
nei for hydroxy functionality depends on the des<red 

ro^^'' in coating applications, glass-transKion tem- 
Sre of the copolymer resin can be .mportant 
COP v'^f resins of the invention preferably have a 
S :Csition tempera^re (T,) ^^l.^^ 
about -50-C to about 1 0O^C. A more preferred range ,s 

lertSyrperbeTzoate, cumene hydroperoxde, and ths 

i'So591 The amoun, d free-radical ini«a.=>r need«l var- 
es bul is generally within the range of about 0.1 to 

pe^er,t; most preferred is the range from abor^ 2 to 
^;^^X^«tre.e.^foaddthe,ree-rad^ 
So. to .he reactor gradually during the course of the 
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DOlymerization, When preparing coating resms. it is also 
desirable to add the N-alkenyl amide gradually to the 
reactor and to match the addition rate of the free-radical 
initiator to the polymerization rate of the N-alkenyl 
amide V^tien an ethylenic monomer is included, it is 
nreterred to add it in proportion to the N-alkenyl amide^ 
For example, if half of the N^alkenyi amide is added 
□radually then it is preferred to cnarge half of the ethyl- 
enic monomer initially and add the remaining portion 
with the N-alkenyl amide. As with the N-alkenyl amide, 
all of the ethylenic monomer can be added gradually. 
These 'echniques produce a polymer that has an evenly 
distributed hydroxyl fundicnaiity that is relatively inde- 
pendent of mofecular weight. 

rOD61] A batch process in which all of the monomers 
are charged initially to the reactor is suitable when the 
qoal is to rr,ake copolymer resins for applications in 
which the distribution of hydroxyl functionality >n the 
resin is less important. In the preferred batch process 
the N-alkeny! amide and allyiic monomer are charged 
initially and the free-radical initiator is added gradually 
as the reaction proceeds. 

[00621 The process for manufacturing the copolymer 
intercalan:s can be perionned over a wide-terrperature 
range Generally, the reaction temperature will be within 
the range of about 60=0 to about 300=0. A more pre- 
ferred range is from about to about 200«C: most 
preferred is the range from about i OO-C to about 1 SQ-C. 
[0063] The pnDcess for manufacturing the copolymer 
intercalants is advantageously performed in the 
absence of any reaction solvent, but a solvent may be 
included if desired. Useful solvents include those that 
will not interfere with the free-radcal pdymerizaton 
reaction or otherwise react with the monomers. Suitable 
solvents include, for example, ethers, esters, ketones 
aromatic and aliphatic hydrocarbons, alcohols, glycol 
ethers, glycol ether esters, and the like, and matures 

[0054] ' One advantage of the process of manufactur- 
ing the copolymer intercalants is that no solvent is 
needed to polymerize the reacliva monomers at a low 
rate of polymenzation. This obviates the need to remove 
a solvent later from the resin and saves on the expense 
of using and recovering a solvent. The process also 
gives low molecular weight polymer intercalants useful 
as polymer intercalant intermediates without the need 
to include a chain-transfer agent. Chain-transfer agents 
often impart undesirable odors and detract from a poly- 
mer's ultimate physical properties. 
[0065] The invention includes the intercalants and 
exfoliaies made using ths copolymer resins for use as 
fillers in thefmoplaslic and thermosetting polymers, 
including thermoset coatings, sealants, elastomers, 
adhesivBS. and foams made using the hydroxy-func- 
tional copolymer resin intercalants. The thermosets 
include for example, melamines, polyurethanes. epoxy 
thermosets. polyesters, alkyds, and uralkyds. For exam- 
ple melamine-based intercalants can be prepared by 
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reacting the a^cve-described copolymer resin interca- 
arts w.th mela.Tine re.ins. Suitable rnelamine res-ns 
ndude commercal grade hBxamethoxymathylmalB 
Zes. such as. for example, CYMEL 303 cross-lintang 
agent, a product of Cytec. 

100661 A polyurethane nanocomposlte intercalant is 
Le by reading a hydroxy-functianal copolymer .n er- 
calant with a di- or paly:.acyanate or an l^^y^n^^f^" 
mlnated prepolyr^er. either in-situ (while intercalated) 
p or to intercalato. Prepolymer intercalants danved 
frTTi the ccpolyrr^er resin intercalants also cari be used 
o ntarcalSa L layered materiais. Optionally, a low 
molecular weight chain extender (d.ol. diam.ne. or the 
like) can be included with the monomers used to form 
he copotyn^-r intercalants. Suitable di- or polysocy- 
Bnates are those well kncMn in the polyurethane mdus- 
try. and include, for example, toluene dusocyanate^ MDI, 
polymeric MDIs. carbodiimide-modified MDls, hydr- 
ge S MDIs. isophoronediisocyanate, 1,6-h.xaned. 
Kcyanate. and the like. Isocyanate-termmated 
;TJo ymer :ntercalants are mads in the usual way from 
a poly socyanate and a polyether palyol. polyester 
' lyo or the lika The polyurethane is formulated at any 
Sesir^i NCO index, but it is preferred to use an NCO 
index close to 1. If desired, all of the available NCO 
g^o^ps are treated wrth hydroxy groups from the copol- 
ymer resin and any chain extenders. 
r0067] The invention includes intercaiate-fHed and^or 
Se-fil!.d epoxy thermosets, and the mte^ aias 
and exfoliates that are intercalate wrth copolymer nter- 
caTanTwhich are the reaction procu::ts of hydroxy-func- 
onaTccpolymer redns described above and an epoxy 
esin Siab^ epoxy resins generally have two or more 
Looxy grcps a^ilabie for reaction with the hydro)^ 

ou^s'ol Z copolym^ -^'",;:^^^r';L'Lnd tS 
epoX resins are bisphenol-A diglycdyl ether and the 
Nke Othe^ suitable methods of malcng epoxy thermoset 

rtercalarts are describe in U.S. Patent No. 4,609.717. 
Ihe Cachings of wh,ch are incorporated herein by refer- 

mM3] The intercalants also include thermoset polyes- 
erthat are the reaction products of the above- 
described hydroxy-functional copolymer resins and an 
a hy^dS or a d"or polycart^oxylic acid. Suitable anhy- 
drides and carboxylic ac«ds are those commonly used in 
?ha 2 iyester industry. Exam^es include f ^^^1^ anj^- 
dridrphthalic acid, maleic anhydride, maleic acid adi- 
pfaaS isophthalic acid, terephthai.c acids. sebac.o 
acid succinic acid, trimelMc anhydride, and the like, 
fnd m ^res thereof. Other suitable methods for mak- 
Tng th^moset polyester intercalants are described . 
U.S. Patent No. 3.457,324, hereby incorporated by re. 

mZl] The invention includes alkyd intercalants pre- 
pared by reacting the atove-des.ribed hydroxy-func- 
Son^ copc^lymerlntercalants with an unsaturated fatty 
S SuiSrunsalurated latty acids are those known 
the art as useful for alkyd resins, and include, for 
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example oleic acid, ricinoleic acid, linoleic acid, licanic 
acid and the like, and mixtures thereof. Mixtures of 
unsaturated fatty acids and saturated fatty acids such 
as lauric acid or palmitic acid can also be used. The 
alkyd resins are particularly useful for making alkyd 
coatings. For example, a hydroxy-functional copolymer 
resin or a mixture of the resin and glycerin or another 
low molecular weight polyol. is first partally esterified 
with an unsaturated fatty acid to give a alkyd resin. The 
resin is then combined with an organic solvent, anc the 
resin solution is stored until needed. A drying agent 
such as cobalt acetate is added to the solution of alkyd 
resin the solution is spread onto a surface, the solvent 
evaporates, and the resin cures leaving an alkyd inter- 
calant Other suitable methods for making alkyd resin 
intercalants aredescribed in U.S. Patent No. 3.423,341. 
hereby incorporated by reference. 
[0070] Instead of combining the alkyd resin with an 
organic solvent for intercalation of the layered material, 
the resin intercalants can be dispersed in water to make 
a wa^er-based sikyd intercalating composition. To 
improve the water dispersabiiity of the alkyd resin inter- 
calants, a free hydroxy! group in the alkyd resin can be 
converted to a salt. For example, the alkyd resin can be 
reacted with phthalic anhydride to give a resin interca- 
lant that contains phthalic acid residues; addition of 
sodium hydroxide makes the sodium phthalate salt, and 
provides a water<iispersable alkyd resin intercalant 
derived from the aliyl ester copolymer. Sea, for exam- 
ple U.S. Patent No. 3,483,152. 

[0071] The invention includes polyurethane-modified 
aikyd (uralkyd) intercalants prepared from the hydroxy- 
functional copolymer resin intercalants of the invention. 
These uralkyd resin intercalants, and exfoliates thereof, 
are especially valuable as fillers In uralkyd coatings. The 
hydroxy-functicnal copolymer resin is first partially 
esterified with an unsaturated fatty acid (described 
above) to give an alkyd resin. The alkyd resin, which 
cantains somefree hydroxy! groups, is reacted with a di- 
or polyisocyanale [described above) to give a prepoly- 
mer The prepolymer is then reacted with a chain 
extender, atmospheric moisture, or additional aikyd 
r-sin to give a uraikyd intercalant. Other suitable meth- 
ods for making uralkyd resin intercalants are described 
in U.S. Patent No. 3,267,Q5B, hereby incorporated by 
reference. 

[00721 In composites, the resins offer good perform- 
ance in a less-expensive alternative to commercially 
available intercalants such as poly{N-vinylpyrrolidone). 
Incorporation of allylic monamere allows formulations to 
control performance of the intercalant polymer, includ- 
ing bonding efficiency while minimizing cost. 
[0073] The ioilowing examples merely illustrate the 
invention. Those skilled in the art will recognize many 
variations that are within the spirit of the invention and 
scope of the claims. 
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Copdy^er nesin Intercalants From N-Vinylpyrrolidone 
And Propoxylated Allyl Alcohol 

addition pump. N-vinyipyrro.dona (350 9) and 
pert.enzcale (10 g) are n..^ 5 e c^^ 

are removed by vacuum stripping oMhe mi)rture^ 
leooc. The copolymer resin product has M« - 12,500. 
Mn = 3260: and Tg=2rC. 

Copolymer Resin Intercalants From N-N^nylpyrrolidone 
And Propoxylated >y!yl Alcohol 

rnoTi^l -me procedure of Example 1 is followed, but 
Ty Lh^pro opiate having an avenge ^ ten o^- 
priylene units (350 g) is us«J. The polymer has T^ 
28°C. 

copolymer Resin Intercalarts From N-Vinylpyrrolidone 
And Propoxylated Allyl Alcohol 

number- 172 mg KOHyg. 
EXAMPLEl 

Copoiy..: Resin Intarcalants From N-^r,nylpyrrolidona 
And Ailyi Alcohol 

coriijuiici, ni (ort-hLJtvl oaroxide (25 g; is 

:rThSo °M S J?-.=r.-bu.y, peroxide 

a dire^sing rate lo.ths reactor over 4 hours at 135 C. 
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The initiator addition is performed as follows: first hour 
lo g second hour, 15 g; third hour, 10 g; fourth hour^5 
g The mixture is heated lor another 60 minutes fol^w- 
?ng completion of the monomer addrfon. Unreached 
monomers are removed by vacuum stripping of the mix- 
ture at IBO-C. 

rnOTSl The amount of intercalated and/or e^olia.ed 
ayered material included in a liquid carrier or into a 
matrix polymer to form viscous carriers or a composite 
polymenc rr^aterial may vary widely depending 0.1 the 
fntended use of the material. When the intercalate or 
exfoliate is added to a solvent to form the viscous com- 
Dositions suitable to deliver the carrier or some earner- 
dissolved or carrier-dispersed active material, such as a 

pharmaceutical, relatK/ely higher TZ 
ie from about 10%toabout30% by v^eight of the 

total composition, are used in forming solvent gels hav- 
ng e^remeiy high viscos.tias, e.g., 5.000 to 5,000,000 
centipoises. Extremely high viscosrtres. however also 
can be achieved w^h a relatively small ooncen.ra lon^ 
intercalates and/or exfoliates thereof, e.g.. 0-1% to 5% 
bv weight, by adjusting the pH d the composrtion in tt^e 
fange Of about 0-6 or about 1 0-14 and/or by heatng^e 
com%srtbn above room temperature, e.g...rithe^nge 

crfaboui 25°C to about 20000. preferably about 75''C to 

Sr°Relatively larger amounts of platelet particles 
exclusive of the intercalant polymer, since the mterca- 
ilnt DOlymer content in the layered material may vary), 
e C^bout 15% to about 30% by weight of the rnoc- 
are used in applications when the intercalate 
and)or exfoliate is added to a matrix polymer and the 
^posite material is used to form stamped polymenc 
artless Substantially enhanced barrier properties and 
heat resistance (deflection temperature under load 
DTUL) are imparted by platelet particle concentratons 
greater than about 2.5% in a matrix Po'V^^^^'^^'f J. 
'Lbstantially enhanced strength is imparted by platelet 
pa^cle concentrations greater than about 1 .5%. .nclud- 
ing the nano-scale layered materials of this invention. \t 
s preferred that the platelet loading be less than abou^ 
1 0% Plat-let particle loadings within the range of about 
0 05% to about 40% by v^eight, preferably about 0 5% io 
about 20%, more preferably about 1% to about 10% of 
the composite material significantly enhances modulus, 
dimensional stability, and wet strength, m general, the 
amount of platelet particles incorporated into a matrix 
pdymerTs less than about 90% by weight of the mix- 
^, e and preferably from about 0.01% to about 80% by 
weight of the corr^osite material mixture, more prefera- 
biv from about 0.05% to about ^0% by weight of the pol- 
ymer/particle mixture, and most preferably from about 
lo5%to about 20% or 0 05% to about 10% by weight, 
with some matrix polymers. 

rooSO] In accondance with an important feature o, the 
p,esem invention, the intercalated phyllosilicate can be 
manufactured in a concentrated ferm. e.g 0-90%, 
preferably 20-80% intercalant polymer and 10-90%, 
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preferably 20-80% intercalated phyllosilicate that can be 
dispersed in a solvent or matrix polymer and exfo lated 
before or after addition to the solvent or to a polymer 
melt to a desired platelet loading. The intercalates are 
exfoliated and dispersed into a host matenal. such as 
an organicsolvent or one or more melt-processible ther- 
moplastic and/or thermosetting matrix oligomers or pol- 
ymers, or mixtures thereof. 

[0081 ] in accordance with an important feature of the 
present inversion, a wide variety of topically active com- 
pounds can be incorporated into a slaole ccmposition of 
the present invention. Such topically act-ve composi- 
tions include cosmetic, industrial, and medicinal com- 
pounds that act upon contact with the skin or hair, or are 
used to adjust rhedogy of industrial greases and the 
like In accordance with another irrportant feature of the 
present invention, a topically-active compound can be 
solubilized in the comoosition of the present invention or 
can be homogeneously dispersed throughout the com- 
position as an insoluble, particulate material, .n erthe 
case topically-effective compositions of the present 
invention are resistant to composition separation and 
effectively apply the topically-active compound to the 
skin or hair. If required for stability, a surfactan can be 
included in the composition, such as any disclosed in 
Laughlin, et al. U.S. Pat. No. 3,929,678. hereby incorpo- 
rated by reference, in general, the topically-efiective 
compositions of the present invention demons^te 
essentially no phase separation .f the topica.ly-ac^A/e 
compound is solubilized in the compositions, rurther- 
more. if the topically-active compound is insoluble in the 
composition, the composi^'on demonstrates essentially 
no ptiase separation. . « 

r0082I The topically-active compounds can be a cos- 
melically-active compound, a medlcally-aotve com- 
pound or any other compound that is useful upon 
applicationtothesi^n or hair. Such topically-active com- 
pounds include, for example, antiperspirants, anl-dan- 
druff agents, antibacterial compounds, anfifunga 
compounds, anti-inflammatory compounds, top^l 
anesthetics, sunscreens and other cosmetic and medi- 
cal topically-effective compounds. _ 
[00831 Therefore, in accordance with an important 
feature of the present invention, the stable topica y- 
ettective composition can include any of the generalb^ 
known antiperspirant compounds such as finaly-d>vided 
solid astringent saHs, for example, aluminum chlorohy- 
drate. aluminum chlorohydrox. zirconium chlorohydrate 
and complexes of aluminum chlorohydrate with zirconyl 
chloride or zirconyl hydroxychloride, in general the 
amount of the anfperspiranf compound, such as slumi- 
num zirconium tetrachlorohydrex glycine in ll^e "-mpo- 
sitton can range from about 0.01% to about 50% and 
preferably irom about 0.1% to about 30%. by weight of 
the total composition. 

[00841 Other topcally-active compounds can dq 
included in the compositions of the present invenloi in 
an amount sufficient to perform their intended function. 
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For example, zinc oxide, titanium dioxide or similar com- 
pounds can be included if the composition is intended to 
be a sunscreen. Similarly topically -active drugs, liKe 
arrtifungal compounds; antibacterial compounds; anti- 
inflammatory compounds; topical anesthetics; skin 
rash, skin disease and dermatitis medications; and anti- 
itch and irritation-reducing compounds can be included 
in the compositions of the present invention. For exam- 
ple, analgesics such as benzocaine. dycbnine hydro- 
chloride, aioe vera and the like; anesthetics such as 
butamben picrate, lidocaine hydrochloride, zylocaine 
and the !ike; antibacterials and antiseptics, such as pav- 
idone-iodine, polymyxin b sulfate-bacitracin, zinc-neo- 
mycin sulfate-hydrocortisone. chloramphenicol, 
methylbenzethonium chloride, and erythromycin and 
the like; antiparasitics, such as lindane; deodorants, 
such as' chlorophyllin copper complex, aluminum chlo- 
ride, aluminum chloride hexahydrate, and methylbenze- 
thonium chloride; essentially all dermatologicals. like 
acne preparations, such as benzoyl peroxide, erythro- 
mycin-benzoyl peroxide, clindamycin phosphate, 5,7- 
dichIoro-8-hydraxyquinoline, and the like; anti-inflam- 
matory agents, such as alclometasone dipropionate. 
beiamelhasone valerate, and the like; burn relief oint- 
ments, such as o-aminoiD'toluenesulfonamide monoac- 
etata and the ilka; depigmenting agents, such as 
monobenzone; dermatitis relief agents, such as the 
active steroids amcinonide. diflorasone diacetate. 
fiydrocortisone, and the like; diaper rash relief agents, 
such as methylbenzethonium chloride and the like; 
emollients and moisturizers, such as mineral oil, PEG-4 
dilaurate, lanolin oil. petrolatum, mineral wax and the 
like; fungicides, such as butocouazole nitrate, halo- 
progin. ciotnmazole, and the like; herpes treatment 
drugs, such as 9-[(2-hydroxyathoxy)methyl]guanine; 
pruritic medications, such as alclometasone dipropion- 
ate, betamethasone valerate, isopropyl myristate MSD, 
and the like; psoriasis, seborrhea and scabicide agents, 
such as anthralin, methoxsalen. coal tar and the like; 
sunscreens, such as octyl p-[dimethylamino)benzQate. 
octyl melhoxycinnamate, oxybenzone and the like; ster- 
oids, such as 2-(acetyioxy)-9-fluorQ-1'.2',3'.4--tetrahy- 
dro-n-hydroxypregna-1,4.-dieno[16,T7-bl naphthalene- 
3,20-dicne. and 21<hloro-9-fluoro-1'.2'.3',4'-tetrahydro- 
11b-hydroxypregna-1.4-dieno[16z.17-blnaphthalene- 
3,20-dione. Any other medication capable of topical 
administration also can be incorporated in composition 
of the present invention in an amount sufficient to per- 
form its intended function, 

[0OS5] Matrix polymers for use in the process of this 
invention may vary widely, the only requirement is that 
Ihey are melt pr^cessible. The resin intercalants 
described nerein are, of course, completely compatible 
with matrix polymers that are the same as the resin 
intercalants. Additionally, the matrix polymers can be 
altered in monomer percentages, or may contain an 
ethylenic monomer, where the copolymer intercalants 
contain only ihe N-alkenyl amide and/or acryiate-func- 
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tionaliZBd pyrrolidona and en allylic — ^^|;; '^^ 
praterrBd embodiments of the ,nvent,on ™ ^ P" . 

y^' includes a. '-J';^;**^^ ^ h^^^^^^^^^ 
he Si™x of the metri, polyme, under use ccnd.- 

abou^2 grarns per 10 minales at the processmg tern 
m^i^er Thermoplastic resins and rubbers for use as 

Ind tfte ike '^'^Zf 

s^'js^;:et=o. 

nJe, 3,3'^,n-,ethyl-4,4'*henyl d,.ocyana^ 4,4_ 
dipftenylisopropyiidened,.coyena^^^^^^ 

tt^'po yoalnates suctt as polylmethane b|s(4-phe- 
Sir:;Cre%is(4-pHe">S>.-o„^4,at.tbe 

phenylene lerephthalamide) (KE^LA"). ^ nolvfethyl- 

„te' polyt^otylene ^^^^.^J^U-^ 

e s a^S the liKa; polyetharimides; v,ny po y- 
pers and lhair copolymers such as polyvinyl acetate, 


Dolyvinyl alcohol, polyvinyl chloride; polyvinyl butyral. 
polyvinylidena chloride, ethylene-vinyl acetate copoly- 
™rs and the like: polyacrylics, polyacrylate and their 
™ oiymers such as polyethyl acrylate. poly(n-butyl acr- 
ylate) polymethylmethacrylate, polyethyl meihacrylate. 
Doly(n-butyl methacrylate). poly(n-propyl methacryiate , 
palyacrylam^de. polyacryloniirile. polyacryhc ac.d ethyt- 
ena-acrylio acid copolymers, ethylene-v.nyl aooho, 
copolymers acrylonitrile copolymers nnethy rr.ethac - 
ylate-styrene copolymers, ethylene-ethyl acrylata copol- 
ymers, methacrylated butadiene-styrene ^^P^^^^^'f 
lod the like; pdylafins such as low densrty poly ethyl- 
ene) poly(propylene}. chlorinated \cw dens.ty poly(eth- 
lene) poly(4-methyi-1-pemene). poly(ethj^ene). 
noiyfsryrene), and the like; ionomers; poly(epichlorohy- 
drins); poly(urethane) s.ch as the polymerization prod- 
uct ol diols. such as ethylene giycoi, propylene glycol, 
and/or a polydiol. such as diethylene glycol, triethylene 
ToS an^oMetraethylene glycol, and the like. v.<th a 
polyisocyanate such as 2.4-tolylene diisocyanate. 2.6- 
Sene diisocyanle, 4,4'-dlphenylmethane dnsocy- 
anate 1 6-hexamethylene diisocyanate. 4,4-dicy- 
dohe^cylmethana di.socyBnate and ^^e like: and 
nolysuHones such as the reaction product of the sodium 
salt of 2 2-bis(4-hydroxyphenyl) propane and 4,4- 
dichlorodiphenyl sulfone; furan resins such as 
nDly(furan); cellulose ester plast.cs such as cellulose 
acetate cellulose acetate bulyrate, cellulose propionate 
S the like; silicones such as po]y(dimethyl slloxane) 
DDlWdimethyl sibxane co-phenylmethyl siloxane), and 
me like; protein plastics; and blerxls of two or more of 
the foregoing. 

rooST] Vulcanizable and thermoplastic rubbers use ul 
n the practice of this invention may also vary widely, 
"usirative of such rubbers are br^minated butyl rubber, 
chlorinate butyl rubber, polyurethane elastcmers. f luor- 
oelastome^, polyester elastomers. polyvinylcMo^.de. 
butadiene/acrylonitrile elastomers, silicone elastomers. 
poly[butadiene), polydsobutylene). ethylene -propylene 
^polymers, ethylene-propyl en e-diene terpatymers, sd- 
fonated ethylene-propylene-diene lerpolymers, 
polclloroprenB), poly(2.3-dimethylbutadiene)^ 
pol botadiene-pentadiene). chlorosulphonated 
poi ethylenes), poly (sulfide) elastomers, block copoly- 
me . made up of segments ol glassy or crystal irie 
blocks such as poly{styrene). poly(vinyl-toluene). poMt- 
butyl styrene), polyesters and the like and the elasto- 
Ic blocks such as poly(butadiene). poly(isoprene). 
^hylene-propylene copolymers, ethytene-bu^lene 
copolymers, p^^^^ and the like as for example the 
opoiymers in p oiy (styrene) -po!y(butadi en e) -poly (sty- 
Le) block copolymer -Bnufactur^ by Shell Chemical 
Cor^pany tender the trade name KRATON . 
ro088] Useful ihermosetiing resins include, for exam- 
55 Die the polyamides; pdyalkylamides; polyeslers; poly- 
Erelhanes; poiycarbonales; polyepoxides; and mixiur^ 
thereof Thermoset resins based on water-soluble pre- 
polymers, include prepoiymers based on formaldehyde; 
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phenols (phenol, cresol and the like}: urea; melamine: 
Il^ ne and phenol; urea and phend. Polyurethanes 
^:^Z. toluSne dLsocyanate (TDI) and .onom^. 
and polymeric dipheny! methanediisocyanates .MDI . 
hydroxy terminated polyethers (polyethylene glycol 
polypropylane glycol, copolymer, of ethylene oxde and 
xylene oxide and the like): ammo terminated poly- 
eihL polvamines (tE^ramethylene diamine ethylene- 
iamlne hexamaihylenediamine, ^^-d.methy 1> 
propanediamine; melarr^ine, diaminobenzena, tr.an. 
nobenzene and the like); pclyar^-doamm^ (fo^ 
nstance. hydroxy terminated polyester); un^tura.ed 
polyesters based on maleic and f umaric anhydnd^ and 
acids- glycols (ethylene, propylene), polyethylene gly- 

s pol^ropytene glycols, aromatic glycols and po yg- 
ycols^nsaturated polyesters based on v-nyl. a^yl and 
acryl monomers: epoxides, based on b,pheriol A {2.2 - 
"jS-hydroxyphenyl) ^opane) and epichloroMnn. 
epoxy p^epolymers based on monoepoxy ^^d Polye- 
porcompound. arKl a.p unsaturat«i compounds (sty- 
ren^. vinyl, allyl, acrylic monomers); Pf^^^^^^^ ^' 
Sramethyiane diamine, hexameth^ene d.am.ne, mela- 
mine. 1,3.propanediamine, diam.nobenzene, tnarn,- 
nobenzene. 3,3'.4.4'-bitriaminoben2ene, 3,3 

pheny«et;amine the like). Polyethylena-^^^^^ 
amides and polyamides (amides of d,-, tn-, and tefra 

dds hydX^ienols (pyrogalloL gallic ac^ tatra^^^ 
droxybenzophenone. t6trahydroqu.none. catechol phe- 

noS the like); anhydrides and P°'ys"^^'^«=^°VDI 
tr° and letra acids; polyisocyanurates based on TDI 
and MDl; polyimides t«sed on pyromelhfc danhydnde 
and 1,4-pben^diamine: polybenzimdozoles based on 
3 3 4,4'-biphenyit9tramine and iscphthal.c acd, polya- 
.iide bas^ on unsaturated dibasic ^"^/^^^ 
drides (maleic. fumaric) and 5°'^^'"^^' 
resins based on dibasic aromatic acds or anhydndes 
reroT trime^ylolpropane. P^^^-^'^'^.^l 
and unsaturated fatty long chain carboxylic acds (the 
Ser derived from vegetable oils); and pr^poiymars 
bls^ on acrylic monomers (hydroxy or carboxy func- 
tional)- 

mo891 Most preferred thermoplastic PO^V^^'^ 
herncplasticpolymerssuch as polyamides. polyesters 
and poU-s of alpha-beta unsaturated monorners^^ 
LpolyrJers. Polyamides which maybe used inheprK- 

ess of the present invention are synthetic linear polycar- 
namides characterized by the presence of r« 
cartonamide groups as an integral 9^^^^ onUejo^^^ 
chain which are separated from one another by Bt least 
L cartoon atoms. Polyamides of th.s tVPe -'^^^ 
mers generally known in the an as nylons, obiamed 
J^cm diamines and dibasic ackis having the recurnng 
unit represented by the general formula: 

-NHCOR'^COHNR^^- 

in which is an alkylene group of at least 2 carbon 
atomXpraferBWy from about 2 to about 11. or arylene 
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having at least about 6 carbon atoms preferably about 
S to about 17 carbon atoms; and R'" is selected from 
and aryl groups. Also, included are ccpolyamides 
and terpolyamides obtained by known methods, far 
example by condensation of hexamethylene diamine 
and a mixture of dibasic acids consisting of terephthalic 
acid and adipic acid. Polyamides of the above descrip- 
tion are well-known in the art and include, for exannple, 
the copolyamide of 30% hexamethylene diammon.um 
isophthalate and 70% hexamethylene diammonium adi- 
pate pQly(hexamethyiene adipamide) (nylon 6,6). 
pclyfhexamethylene sebacamide) (nylon 6, 10), 
poly'hexamethylene isophthalamide), poly (hexamethyl- 
ene ^erephthElamide). poly(heptamethytene pimela- 
rr.ide) (nylon 7,7). poly(octamethylene sebacamide) 
(nylon 8 8) pclylnonamethylsne azelamide) (nylon 9,9) 
po(y(decamethylene azelamide) (nylon 10.9), 
poWdecamethylens sebacamide) (nylon 10.10), 
pol y[bis(4-amino cyclohexyl)methane-1 . 1 0-decane-car- 
boxamide)], poiy(m-xylylen6 adipamide), poiy(p- 
xylyiene sebacamide). poly(2,2,2-trimethyl hexamethyl- 
ene lerephth,alamide). poly(piperazine sebacamide), 
poly(p-phenyiene terephthalamide). poly(metaphe- 
nylene isophthalamide) and the like. 
[00901 aher useful polyamides are those formed by 
polymerization of amino acids and derivatives thereof, 
as for example, lactams. Illustrative of these useful 
polyamides are poly[4-aminobutyric acid) (nylon 4). 
noly(6-aminahexanoic acid) (nylon 6), poly(7-am.no- 
heptanoic acid) (nylon 7), poly(8-aminooctancic aad) 
(nylon 8), poly(9-aminononanoic acid) (nylon 9). 
polyflO-aminodecanoic acid) (nylon 10). poly(i1-am.- 
noundecanoic acid) (nylon 11), polytia-aminododeca- 
noic acid) (nylon 12) and the like. 
[0091] Preferred polyamides are poly(caprolactam), 
poiy(l2-aminododecanoic acid) and po!y(hexamethyl- 
ene adipamide). 

[0092] Other matrix or host polymers which may be 
employed in admixture with exfoliates to form nanocom- 
posites are linear polyesters. The type of polyester is 
not critical and the particular polyesters chosen for use 
in any particular situation will depend essentally on the 
physical properties and features, i.e., tensile strength, 
modulus and the like, desired in the final form. Thus, a 
multiplicity of linear thermoplastic polyesters having 
wide variations in ohysical properties are suitafala for 
USB in admixture with exfoliated layered maienai plate- 
lets in manufacturing nanocomposites in accordance 
with this invention. 

[0093] The particular polyester chosen for use can be 
a homo-polyester or a co-polyester, or mixtures thereof, 
as desired. Polyesters are normally prepared by the 
condensation of an organic dicart^oxylic acid and an 
organic diol. and, the reactants can be added to the 
intercalates, or exfoliated intercaiates for in situ polym- 
erization of the polyester while in contact with the lay- 
ered material, before or after exfoliation of the 
intercalates. 
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[0094] Polyester which are suitable ior use in this 

^ot/srExerrplary of useM cydoaliphBlic, sSphatic 
ateT po!y(cyclohexylenadimelhylene tarap*aa a , 

as' po (^'^1^- ""T'u^^Z 
S^' ^S'^ar compounds prepared from ,ha con- 

SIM 

™rTa™=. preferred smbodinants of -his inven- 
Sha b^lunWurated n^onomers or the formula. 

r15r15c=CH2 


wherein: 

rno991 R^^ and R^^ are the same or different and are 
vano phenyl, ca^oxy. alkylester. halo, alkyl. alkyl sub- 
^ifuted\«ith one or more chlorc or fluoro. or hydrogen. 

5 S^ustrati^/e of such pref.rr^ homopolymers and copoly- 

' !e are homopolymers and copolymers of elhylerje. 
propylene, vinyl alcohol, acrylomtnle. .-nyhdene chlo- 
dde itera of acrylic acid, esters of methacryhc acd. 
hioro^ifluoroethylene, vinyl chloride and the like, Pre- 

,0 ferred are poly(prDPylene), propylene copolymers. 
polyTethylene) and ethylene copolymers. More pre- 
ferred are poly( ethylene) and poly(propylene). 
01001 InThe preferred embodiments of the invention, 
he matrix polymers of choice in manufacturing nano- 

,5 "es are polymers and copolymer of olefins 
;olv^Brs, polyamdes, po!y^^^yl.m,nes, and bierds 
& -ntaining polyesters. In the partcularly pr^ 
ferred embodiments of the invention, polymers and 
ipolymers of ethylene, polya.^ides f ^'^^^ly nylon 6 

20 and nylon 66 and more preferably nylon 5), and blends 
thereof are used. 

fOioil The m-ixture may indude various optional corn- 
Pcnents which are add'rtives commonly employed with 
polymers. Such optional components include nucleatng 
^ agents, fillers, plasticizers, impact modifiers, chain 
Senders, piasticlzers, colorants, mold rel^se lubn- 
Jnt antistatic agents, pigments, fire retardarts, and 
the like. These optional components and appropriate 
amounts are well known to those skilled in the art. 
mZ] Exfoliation of the intercalated layered material 

S provWe delamination of at least about 90% by 
weight of the intercalated material to provrie a compo- 
sition comprising a polymeric matnx having p^teiet par- 
ti iL substantially homogeneously dispersed ther^n. 
35 some ntercaietes require a shear rate that is greater 
to about 10 sec-^ for such relatively thorough exfo la- 
fcn Sher intercalates ^iiaie naturally or by heating 

0 the meit temperature of the intercalanl polymer, or by 

aopMng pressure, e.g.. 0.5 to 60 atmospheres above 

Bmbfen wiih or without heating. The upper limit for the 
hear rate is not critical provided that the shear rate is 
■ no^so high as to physically degrade the polymer. In the 

particularly preferred embodiments of the inven ton. 

when Shear is employBO for exfoliation, the shear rate is 
.5 Tom gre^Sr than ab^^ 10 sec^ to about 20,000 sec \ 
" in t" more preferred embc^iments of the .nvenjon 

le shear rate is from about 100 sec ^ to about 10.000 

,niD31 When shear is employed for exfoliation, any 
so menod which can be used to apply a shear to a fla.a- 
Se mixture or any pdyr^er meH can be used. The 
shearing action can be provided by any -PP^°Pn^t« 
method, as for example by mechanical m.ans, by >her- 
maishock. by pressure alteration, or by uitroBon.oB, all 
55 known in the art. In particularly useful Procedures _the 
fTwable polymer mixture is sheared by machan cal 
methods in which portions of the n.elt are caused to flow 
past other portions of the mixture by use of mechanical 
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means such as stirrers. Banbury® type mixers^ 
Bibender® type mixers, long cor^tinuous mixers, and 

aSbn methods; by ultrasonic techn,ques ,n w ich 
Tv^n nr resonant vibrations which causs portions 
Tt^f-^ r " vibrate or to be axcitad at di.arent 
Phases and thus subjected to shear. These methods of 
ficwable pclynar mixtures and po^ymamne^s 
Lrpl^/ rearesentaive cf useful methods, and any 
^^th'c^ rths art tor shearing flowab.e polyn^er 
mixtures and polymer melts may be used. 
fOio4] Mechanical shearing methods may be 
^ Ti.^ .uch as by extrusion, injection molding 
^"""It Banbu y® type mixers. Brabender® type 

i^inG\e or double screw) and receiving the shearea poi 
S atCother end of the ..ctrud.r. The temperature 
□Mhe polymer melt, the length of the extruder, res. 
? Snf the melt in the extruder and the design of 
T:^^:lZT^:e.. twin sor^. number of .l:gMs 
per^i^engk channel depth, fligh: ^'earance rni)ang 
zone etc.) are several variables which control the 

ror'SrSrbesu.icie^^^^ 

Se at least about 80% by weight, preferably at leas 

^^^^f85% by weight, more preferably at least about 

^Sut 0 prefe^ly iess than about S and more prefe - 

will not delaminate in a polymer melt, and wiii lorm 
platel^ particles comprising those layers .n a coplanar 

rm The effect of adding into a matrix polymer the 
nanoialB 'articulate dispersed platelet particles 
from' the intercalates termed in accoraance w h 
mrpSsent invention, :>T=;cally is an increase <n tens, e 
and ultimate ten^le strength or an increase m 

loToS^"'' Molding compositions comprising a thermo- 
p°astrc or thermosetting polymer containing a desired 
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loading of platelets obtamed from exfoliation of the inter- 
calates manufactured according to the invemion are 
outstandingly suitable for the production ot sheets and 
panels ha'ing valuable properties. Such sheets and 
panels may be shaped by conventional proc^ses such 
as vacuum procBSSing or by hot pressing to form useful 
objects. The sneeis and panels according to the ins/en- 
lion are also suitable as coating materials for other 
materials comprising, for example, wood glass, 
ceramic, metal or other plastics, and outstanding 
strengths can be achieved using conventional adhesion 
promoters, for example, those based onj^nyl resins 
?he sheets and panels can also be laminated with other 
plastic films and this is preferably effected by j^-extru- 
sion the sheets being bonded ,n the molten state. The 
surfaces of thesheets and panels, including those in the 
emiossed form, can be improved or finished by conven- 
tional methods, for example by lacquering or by the 
application of ptctectlve films, 
roiosi The polymer/platelet composite matenals are 
Uecially useful for fabrication of extruded films and 
Z laminates, as for example, films for use ,n food 
packaging. Such films can be fabricated using conven- 
Snal f ilm extru^on techniques. The films are pre erably 
^rom about 10 to about 100 microns, more preferab y 
from about 20 to about 1 00 microns and most preferably 
{rem aboLFt 25 to about 75 microns in thickness 
r0109] homogeneously distributed platelet parti- 

des and matrix polymer that form the nano<^°"^P°s')J 
are fomied into a film by suitable film-forming me^hods^ 
T^ ically. the composition is melted and ^^'^^/^^^^^ 
a film forming die. The film of the nanocomposite may 
go Lugh steps to cause the platelets to be further ori- 
ented so the major planes through the Platelets are sub- 
stantially parallel to the major plane through the film^ A 
feS to do this is to biBx^-aliy stretch the film. For 
example, the film is stretched in the ax>al or machine 
Jrect^n by tension rollers pulling thef Im as it is 
eliruded from the die. The film is simultaneously 
stretched in the transverse direction by clamping the 
Sges of the film and drawing them apart. Alternatively, 
the film is stretched in the transverse direction by using 
a tubular film die and blowing the film up as it passes 
from the tubular film die. The films may exhibit one or 
more of the following benefits: increased moduius; 
increased wet strength; increased dimensional stability; 
decreased moisture adsorption; decreased permeabil- 
ity" to gases such as oxygen and liquids, such as water, 
alcohols and other solvents. 

10] Numerous modifications and alternative 
embodiments or the invention will be apparent to those 
skilled in the ar: in view of the foregoing description. 
Accordingly, this description is to be construed as illus- 
trative only and is for the purpose of teaching those 
skilled in the art the best mode of carrying cut the inven- 
lion The details of the structure may ba vaned substan- 
tially without departing from the spirit of the invention, 
and the exclusive use of all modifcations which coma 
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within the scops of the appended claims is reserved 


Claims 


1 A composite material comprising a host maienal jn 5 
■ an amount of about 40% to about 99.95% by weight 

of the composite material, and about 0.05% to a. 
about 60% by weight exfoliated platelets of a phyllo- 
silicate material, said platelets derived from an 
intercalate formed by conlacling a phyliosilicate io 
with an intercalant containing composifion to form 
an intercalating composition, said composition hav- 
ing a concentration of said intercalant of at least 10- 
about 2% by weight intercalant, to achieve sorption 
of the irrtercalant between adjacent spaced layers ts 
of the phyllosilicate to expand the spacing between 
a predominance of the adjacent phyllpsiiicate plate- 
lets a distance of at least about 10 A. when meas- 
ured after sorption of the intercalant. said n. 
intercalant selected from the group consistmg of (i) 20 
an N-alkenyl amide monomer and an allyac mano- 
mer- (2) an oligomer formed by copoiymerizing an 
N-a!kenyl amide monomer and an allylic monomer; 

(3) a polymer formed by copoiymerizing an N-alke- 

nyi amide monomer and an allylic monomer; and 25 12. 

(4) mixtjres thereof. 

2 A composite material as claimed in claim 1, 

' wherein the concentration of i"t^^^^[f"V^c.^ kv 30 13 
intercalating composition is at least about 5% by 30 13. 

weight, based on the dry weight of the phyllosrlicaie 

contacted. 

3. A composite material as claimed in claim 2 

wherein the concentration of intercalant m said 3S 14. 
intercalating composition is at least about 15% by 
weight. 

4 A composite material as claimed in claim 3 15. 
wherein the concentration of intercalant m said 4o 
intercalating composition is at least about 20% by 
weight. 

5 A composite material as claimed in claim 4 
wherein the concentration of intercalant in said « 
intercalating composition is at least about 30% by 
weight. 

6 A composite material as claimed in claim 5 
wherein the concentration of intercalant m said 5o 
intercalating composition in the range of about 50% 
to about 80% by weight. 

7 A com.posite material as claimed in claim 5 
' wherein tne concentration of intercalant .n sad 

intercalating ccmpoBltion in the range of about 50% 
to about 100% by weight. 
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A composite material as claimed in claim 1, 
wherein the concentration of intercalant in the inter- 
calating composition is at least about 16% by 
weight, based on the dry weight of the phyllosilicate 
contacted. 

A composite material as claimed in claim 8, 
wherein the con:entrafion of intercalant in the inter- 
calating compositior: is initially in the range of about 
16% to about 70% by weight, based on the dry 
weight of the phyllosilicate contactec. 

A composite material as claimed in claim 9, 
wherein the concentration of intercalant in the inter- 
calating composifion is initially in the range of about 
15% to less than about 35% by weight, based on 
the dry weight of the phyllosilicate contacted. 

A composite material as claimed in claim 9, 
wherein the concentration of intercalant in the inter- 
calating composition is initially in !he range of about 
35% to less than about 55% by weight, based on 
the dry weight of the phyllosilicate corrtacted. 

A composite material as claimed in claim 9, 
wherein the concentration of ihe iniercalant in the 
intercalating composition is 70% by weight, based 
on the dry weight of the phyllosilicate contacted. 

A composite material as claimed in any one of the 
preceding claims, wherein the intercalant is a 
copolymer of an N-alkenyl amide monomer and an 
allylic monomer. 

A composite material as claimed in claim 13. 
wherein the intercalant is a mixture at an N-alkenyl 
amide monomer and an allylic monomer. 

A composite material as claimed in any one of the 
preceding claims, wherein the intercalant polymer 
has a weight average molecular weight in the range 
' of about 22s to about 1 .000,000. 

A composite material as claimed in claim 15, 
wherein the intercalant polymer has a weight aver- 
age molec'jlar weight in the range of about 225 to 
about 10.000. 

A composite material as claimed in any one of the 
preceding claims, wherein the host material is a 
matrix polymer selected from the group consisting 
of a polyamide; polyvinylimine; polyethylene 
terephtnalate; polybutylene terephthalate; a poly- 
mer polymerized from a monomer selected from 
the group consisting of dihyCroxy ethyl terephtha- 
late; hydroxysthyl terephthalate; dihydroxybuty! 
terephthalate: and mixtures thereof. 
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18. Amethod of manufacturing a 'j^^,! 
claimed in any one of the preceding ^^-^^^' ^^P 
fining about 40% to about 99-95% by weight a 
^:rtrix tharmopiastic or thermosatting polymer 
about 0.05% to about 60% w^'f '^^^^ 
□latelets of a phyllosilicate material, said platelets 

from an intercalate ^^^"1!"'^^^!, 
an intercalant intercalated between ad|acent phy!lo 
silicate platelets comprising; 

contacting the phyllosilicate with an intercalant 
corTtaining composition '^o'^^'^'^S '"f'' 
about 5% by weight of said intercalant polyme. 
based on the dry wa.ght of the phyllosilicate 
contacted, to form an intercaiating co"^P°^'^°; 
and to achi^e intercalation o sa,d po ymer 
between said adjacent phyllosihcate platelets 
,n an amount suHidant to space said adjacen 
phyllosilicate platelets a distance of at least 

Sning^e int^^^^ 

thermoplastic or thermosetting PoWn^eu ^r^d 
heating the thermoplastic or thermosetting po - 
ler sufficiently to provide for flow of said ther- 
LplBstic or thermosetting polymer and 
delamination of the platelets of sad phyllos.H 

dSpeS^g of said deiaminatad piatalats 
fh oughout said matrix po:ymer. wharam said 
Intercalant is selects from the ^roup consist- 
ing of (1) an N-alkenyi amide monon^er =.nd an 
alfylic monomer; (2) an oligomer torme^ by 
copolymerizing an N-aiker^yl amde monomer 
and an allylic mononier; (3) a polymer formed 
bj copolymarizing an N-alkenyl amida mono- 
^erand an allylic monomer; and (4) mixtures 
thereof. 

19 A method as claimed in claim 18. wherein said 
Lmlnt poiymar^ontaining compositon 
c d s 1 dissolved polymer carrier comprising 
bcurt 5% to about 95% by waight orgamc soh/ent. 
bas^l on the total weight of said composition con- 
tacting said phyllosilicate. 

20. A method as claimed in claim '^■;:[^Tf^l%'^;^ 
rier comprises about 5% to about 95% of an 
aliphatic alcohol. 

21 A method as claimed in claim 20. wherein said alco- 
Cans s?ect«i from the group consisting of matha- 
nol. ethanol. and mixtures thereof. 

22. A method of exfoliating a phyllosilicate comprising: 

contac^ng the phyllosilicate, having a moisture 
content of at least about 4% by -^'9^^^'^^^^" 
intercalating composition comprising at least 
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about 2% by weight of an intercalant in a liquid 
carrier, to achieve intercalation of said interca- 
lant between said adjacent phyllosilicate plate- 
lets in an amount sufficient to space said 
adjacent phyllosilicate platelets a distance of at 
least about 10 A; and 

separating the platelets of the intercalated 
phyllosilicate; wherein the intercalant is 
selected from the group consisting of (i) an N- 
alkenyl amide monomer and an allylic mono- 
mer; (2) an oligomerformed by copolymenzing 
an N-alkenyl amide monomer and an allylic 
monomer; (3) a polymer formed by copolymer- 
izing an N-aikenyl amide monomer and an 
allylic monomer; and (4) ir.ixtures thereof. 

23 A method as claimed in claim 22. wherein said 
' intercalant-containing composition includes a liquid 
carrier capable of solubilizing the intercalant m an 
amount of about 5% to about 95% by weight, based 
on the total weight of said intercalating composition. 

24. A method as claimed in claim 23, wherein said car- 
rier comprises about 5% to about 50% by weight 
water based on the total weight of the intercalant in 
said Intercalant-containing intercalating composi- 
tion. 

25 A method as claimed in claim 22, 23 or 24. wherein 

■ said carrier comprises about 30% to about 40% by 
weight water. 

26 A method as claimed in claim 25, wherein said liq- 

■ uid carrier comprises about 35% to about 40% by 
weight water. 

27 A composition comprising an intercalate, together 
' with an organic solvent, said intercalate formed by 

contacting a layered material, having a moisture 
content of at least about 4% by weight, with an 
intercalant polymer to form an intercalating compo- 
sition said intercalate having a weight ratio of poly- 
mer to layered material of at least 1 :20. to achieve 
sorption and complexing of the polymer between 
adjacent spaced layers of the layered silicate mate- 
rial to expand the spacing between a predominance 
of the adjacent platelets of said layered silicate 
material to at least about IDA, when measured 
after sorption of the intercalant polymer and drying 
to a maximum of 5% by weight water; wherein the 
intercalant polymer is a copolymer of an N-alkenyl 
amide and an allylic monomer. 
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